Early pregnancy diagnosis is a very important routine management to identify non-pregnant cows in order to keep an optimum reproductive efficiency both for dairy and beef cows. Ultrasound equipment allows estimating the viability and size of the embryo during early gestation. With the aim of assessing age and viability of Bos indicus embryos between 24 and 35 days of gestation, 55 cows were divided into 4 clusters. These clusters were conformed according to the first day that an echogenic structure was seen inside the embryonic vesicle (Group 1: day 24, Group 2: day 26, Group 3: day 27 and Group 4: day 28). The age of the embryos was estimated from the date of AI. Three progressive serial measurements of their length were made within 2 to 5 days. With a model GEE (Generalized Estimating Equations), the effect of days was evaluated to compare the second measurement with the first one and the former with the third observation. No differences in the size of the embryos were observed between the first evaluation (24 days) and the second (28 days) (P = 0.387). Also, simple linear regression analysis found a positive linear association between the size of the embryo and gestation days (R 2 = 0.593) with an average growth of 0.078 cm per day (P = 0.001). In conclusion, the variation between measurements at a given time does not allow estimating with precision the exact day of gestation. Nonetheless, serial measurements are useful to estimate the healthy growth of the embryo from day 26 of gestation.
Introduction
Embryo and fetal losses have been related to many factors, which have been described as genetic, physiological, endocrine and environmental [1] . It has been reported that there is a 15% of embryonic death between days 28 to 42 of gestation and could be as severe as 30% [2] [3] . In comparison, fetal death between 42 to 62 days is only 6.3% and it decreases from day 56 to 98 to 3.4% [4] . Factors such as climate, general health of cattle and biosecurity [5] can cause mortality with various grades of severity.
A great advantage of using ultrasonography (US) is that it gives the opportunity to sequentially measure the same embryo on different phases of development and to be able to identify variations about its size. These variations could have negative consequences on gestation such as embryonic death thus affecting cattle performance [6] [7] .
Growth curves are defined as the increase of geometrical characteristics related to the time of a structure [6] . Changes on the size of the embryo allow us to establish a relationship with gestational age [4] [8] . Nowadays, there is US equipment allowing to estimate the size of the embryo or a fetus using established measurements such as distance between the crown to the rump. Measuring these structures is known to be the most reliable method to estimate the age of the embryo [4] [7] .
According to Fricke [9] , when pregnancy diagnosis with ultrasound is conducted between day 26 and 33 post IA, sensitivity and specificity can be 97.7% and 87.7% respectively. However, there are some factors that affect pregnancy diagnosis. Such as age of female (heifer or adult cows); periodicity of the examine, equipment, frequency of the transducer and experience of the operator [10] .
Precision on pregnancy diagnosis by using ultrasonography may be highly variable. It depends on many factors such as equipment, frequency of the transducer, periodicity of the examination, age and number of calvings of the female, the stage on which the exam is being held and of course criteria and experience of the operator [10] .
According to Laven [11] , there are computer programs which relate gestation days to different measurements of the embryo and fetal age creating a unique line with a better adjustment by using conversions that ignore the inherent variability of any natural system. Nevertheless, there is a "normal" range of sizes for each gestation day and it has to be considered that a correlation of 100% is unlikely because these programs give only one figure, thus no variation can be shown. Also, it may be bigger for some days and not for others. Moreover, it has 
Material and Methods
The 
Location
The study was undertaken at the Centre 
Animals
Eighty multiparous Bos indicus females between three and seven years old were selected. All chosen cows had calved in a 45 days period and ranging from 3.0 to 3.5 body condition score according to the procedure described by Edmonson et al. [14] . All animals remained in the same pasture, in a rotational paddocks system based on Cynodonnlemfuensis, Paspalum spp. And Axonopus spp. with mineral salts provided.
Reproductive Management
In all cows, estrus was synchronized using a progesterone-releasing device (CIDR TM , 1.9 g natural progesterone Zoetis®, Mexico). The device was withdrawn at 9 days after insertion. At this time, 25 mg of prostaglandin F2α (Dinoprost, Lutalyse, Zoetis®, Mexico) was injected intramuscularly. Estrus detection was carried out at 10, 11, 12 and 13 days for three hours at 09:00 and 15:00, the riding behavior was used as the main indicator of estrus [15] . A patch in the rump (Scratch Pads, Magenta Direct, and Ireland) was placed for assistance in identification of the nocturnal activities. Artificial insemination (AI) was carried out with an AM-PM system.
Pregnancy Diagnosis and Measurement of the Embryo
Transrectal ultrasonography was performed to diagnose pregnancy and measure the embryo, by using an ultrasound device (Aloka SSD-500, Aloka, Tokio, Ja-Open Journal of Veterinary Medicine pan) with a linear transductor of 7.5 MHz. Cows were considered as probably pregnant if they did not show signs indicative of an eminent return to estrusat 24 days after AI. Animals diagnosed as not pregnant, through 2 serial exams, were removed from the study (n = 25). On animals diagnosed pregnant (n = 55) the length (cm) and viability of the embryo was registered according to the procedure described by Rosiles et al. [12] .
These cows were distributed in four groups according to the first day of an echogenic structure was observed inside the embryonic vesicle. Each embryo was assigned to a group according to first evaluation at day 24, 26, 27 or 28. The first evaluation was recorded on the dates indicated above, a second and third evaluation were undertaken between 2 to 4 days in respect to the first or second measurement. The age of the embryos was estimated from the date of AI. A screenshot was taken to measure the embryo by using the ultrasound-measuring program. Measures were taken between day 24 and day 36 after AI. 
Statistical Analysis

Results
Of the total number of cows selected for the study (n = 80) 55 became pregnant. average of 1.05 ± 0.07 cm, 1.27 ± 0.09 cm and 1.45 ± 0.07 cm. Table 1 shows the average increase in the length of the embryo between the first and second measure and between the second and third measure in each one of the days as well as the p-value of the mean differences.
Integrating the data according to the observation date, a joint analysis was made considering all the observations and a simple linear regression analysis was performed. The scatter plot of the size of the embryos between days 24 to 36 is shown in Figure 2 .
Data shows that there is a positive linear association between the size of the embryo and the days of gestation (R 2 = 0.593) with an average increase in the length of the embryo of 0.078 cm per day (P = 0.001).
Discussion
The final pregnancy rate was 68% contrasting to previous reports which did not Open Journal of Veterinary Medicine From day 24 after AI, first embryos of group 1 were visible coinciding with studies by Curran, Pierson and Ginther [20] , DesCôteaux, Colloton and Gnemmi [4] , Totey et al. [8] and Rosiles et al. [12] where it is mentioned that embryos can be seen in a range between 19 and 24 days as an echogenic protuberance inside the embryonic vesicle. In the case of group 2, observations commenced at day 26 according to Chaffaux, Valon and Martínez [21] and Pierson and Ginther [22] that reported lack of precision prior to this date.
Differences between days were found when measuring the embryo starting at (Figure 1(b) ). This was not the case in embryos whose first measurement started at day 24 ( Figure 1(a) ). Our results point out that it is reasonable to recommend starting on day 26. According to Fricke [9] , when an early diagnosis is done between 26 and 33 days post AI by ultrasonography, sensitivity and specificity of pregnancy be until 97.7% and 87.7% respectively. Early identification of nonpregnant cows post-breeding improves reproductive efficiency and pregnancy rate in cattle by decreasing the interval between AI services and increasing AI service rate [9] [23]. Nonetheless, it should be bear in mind that loss of embryos could account for as much as 30% of embryo death [3] , thus an early diagnosis could be a useful tool.
Linear regression, with all embryos that were evaluated, evidenced the range of the data, being larger on days 28, 30 and 33 with an increment of 0.078 cm per day on the length of the embryo. Similar results were reported by Rosiles et al. [12] where measurements show greater amplitude between days 28 and 32, with a similar increment in size per day of 0.085 cm. Ginther [24] and Pierson and
Ginther [22] mention a mean growth of 0.11 cm from day 26 to 50. A variation in the results, particularly in the early stages of embryo visualization, is very likely the consequence of inaccuracies of the operator or difficulties in the placement of the US probe, particularly in mature cows [25] .
A statistical comparison between the means obtained on the days of evaluation with previous reports was performed to ascertain the value of the present report. For example, Ginther [24] ; Pierson and Ginther [22] and Rosiles et al. [12] . It was observed that on the first two reports the means are statistically different from the days evaluated in the present study with an exception on days 28
and 30. This may be due to variation in the accuracy of the measurement particularly on these days as can be observed on graph 2. Regarding the reported measures by Rosiles et al. [12] , it was found that there is a significant difference only on days 27, 28, 30 and 36, this may be attributable to the fact that the study of Rosiles et al. [12] was performed in Bos indicus cattle whilst Ginther [24] and Pierson and Ginther [22] published their results on Bos Taurus cattle.
In the present study, we found it is possible to estimate the age the embryo with reasonable precision in Bos indicus cows. And this event accompanied by an accurate observation of the heartbeat would suggest the healthy status of the embryo. Measuring the length of the embryo by ultrasound does not allow to precisely determining its age due to the wide distribution of observations between 28 and 33 days. However, ultrasound can be a reliable tool to monitor the development of the embryo starting on day 26; it also allows identifying changes on its growing pattern that may indicate a loss of gestation and thus having the opportunity of reintroducing these animals to a reproductive program.
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